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(54) CnOCOB K/lEflKI/1 

(57) H3o6peTeHne KacaeTe* K/iena/ibHo-c6o- 

POMHblX pa60T M OTHOCMTCfl B MaCTHOCTM, K 

cnoco6aM K/ienioi naKeTOB nejanen m pa3Ho- 
POahwx MaTepna/iOB. Ue/ib - noBbiiueHue Ka- 
necTBa npw ocymecTB/ieHMti K/ienKM AeTa/ien 

M3 pa3H0p0AHWX MaTepua/lOB pa3/lMHHOM 

TBepAOc™ nyieM o6ecneMeHti« Tpe6yeMoro 
rapaHTupoBaHHoro paAwa/ibHoro HaTnra no 
To/imuHe Ka>KAOM H3 AeTa/ien naKeia. B ngKe- 




Te AeTa/iePi Bbino/iHAioTOTBepcTMe, b kotopom 
pa3Meu4aioT 3aioienKy 3 c r/iyxuM OTBepcmeM. 
3aK/iaAHyio ro/iOBKy 33K/ienKM pa3Mema»0T co 
ctopohw AeTa/iw CO) 1, Bbi no/i Hen hom m 3 Maxe- 
piia/ia m6h buieii xecTKOcm B oTBepcme ycTa- 

H3 B/1HB3 K)T BK/iaAWUJ, H3rOTOB/ieHHblM M3 

Maiepna/ia, TBepAOCTb KOToporo npeauuiaeT 
TaepAOCTb MaTepnana 3aK/ienKM. noc/ie 3Toro 
ocymecTB/isuoT OKaTue naKeTa AeTanew. B no- 

/lOCTb npli>KMMa 6 BBOA51T nydHCOH 8 C BUCTy- 

noM 9. npMK/iaAbiBaa k nyaHcony 8 oceBoe 
ycn/ine ocyiuecTB/i»K)T BHeApeHwe BK/iaAWiua 
b MaTepwan CTep*Hfl 3aK/ienKn. CiepaceHb 3a- 
K/ienxu b npeAe/iax £ 1 P a3AaeT G » c o6pa30- 
saHneM B OTBepcTMn 1 T P e6yeMoro 
paAna/ibHoro H3T*ra. Hoc/ie 3Toro nyaHCOH 8 
yAa/i5iK)T 4 a OKOHMaTe/ibHoe o6pa30BaHne 3a- 
MbiKaiomew to/iobkm ocymecTB/i«Krr nocpeACT- 
bom nyaHcoHa c h/iockom pa6onew 
noBepxHOdbio. 3 mil 
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H3o6peTeHne othochtca k K/iena/ibHO- 
c6opoHHWM pa6oTaM, b mscthoctm k cnoco6aM 
K/ienKM naKeTOB AeTa/iefi U3 pa3HopoAHbix Ma- 
Tepna/iOB. HanpuMepa/itOMfiHueBorocn/iaBa ti 
bo/iokhwctwx KOMnoanuMOHHwx MaTepwa/iOB. 

Ue/ibK) M3o6peTeHM« flB/iaeTca noBwiue- 5 
Hue KanecTBa npn ocyatecTB/ieHnn K/ienKW #e- 
Ta/ievi M3 pa3HopoAHbtx MaTepna/iOB 
pa3/iMHHow TBepAOCTM nyreM o6ecneMeHM« 
Tpe6yeMoro rapaHTwpoBaHHOro paAwa/ibHoro 
HaT»ra no TO/iiuwHe ioxaow M3 AeTa/iefli na*ce- 10 
Ta. 

Ha <J>wi\ 1 noKa3aH co6paHHbift naKeT Ae- 
Ta/iePi nepeA K/ienicoft. wcxoAnoe no/io>KeKue; 
Ha <j>uir. 2 - 3Tan BHeApeHMfl BK/i3Abiwa b dep- 
>KeHb 3aK/ienKii; Ha <Jnii\ 3 - oKOHMaie/ibHO 15 
o6pa30BaHHoe 3aK/ienoMHoe coeAMHeHne, 

Cnoco6 K/ienKn 3aK/iK>MaeTCfl b a\ej\y\o- 
iMeM. 

naKeT o6pa3yK)T H3 flfijanu 1, Bbtno/iHen- 
hom, HanpuMep, M3 a/noMUHneBoro cn/iasa. m 20 
Aeia/iM 2, Bbino/iHeHHOM 113 6onee TBepAoro 
MaTepna/ia, HanpnMep BO/iOKHiicToro KOMno- 
3HMMOHHoro MaTepna/ia. B naKeTe neraneft 
o6pa3yioT OTBepCTue, b kotopom pa3Mema»OT 
3aK/ienKy 3 c r/iyxnM oceBbiM oTaepcTi/ieM 4, 25 

BbinO/1H6HHblM CO CTOpOHbl TOpMd CTep>KHfl 3a- 

K/ienKM. ripn 3tom 3aK/iaAHyK) ro/iOBKy 3aioien- 
kh pa3MeiuaK)T co ctopohw AeTaiiii, 
Bwno/iHeHHoft ui3 Maiepna/ia MeHbweto wecr- 
kocth (a/iK)MMHMeBoro cn/iaaa). B r/iyxoe ot- 
BepCTue 4 ycTaHaB/in b3K)t BK/iaAww 5, 

H3rOT0BAeHHblM M3 MaTepna/ia, TBepAOCTb KO- 

Toporo npeBbiiuaeT TBepAOCTb MaTepwa/ia 3a- 
K/ienKn. noc/ie 3Toro ocymecTB/i*K)T oKaine 
naKeia Aeia/iew nocpeACTBOM npwwiiMa 6 w 
onopnoro nyaHcoHa 7. B no/ioCTb npiiaoiMa 6 
bboa«t nyaHCOH 8 c BWCTynoM 9. flwaMeTp 
BbiCTyna Hecico/ibKo MeHbiue AwaMeTpa r/iyxo- 
ro OTBepCTUR 4. npmaiaAWBafl k nyaHCOHy 8 
oceBoe ycn/ine, ocyiqecTB/ifltoT BHeApemie 40 
BK/iaAbinia 5 b MaTepwa/i cTepwH* 3aK/ien»oi, 
HacTb CTepwHfl 3aK/ienKM, pacno/iaraeMan b 
npeAe/iax TO/imi/iHbi nejam 1, pa3AaeTC« w 
no/iHOCTbio 3ano/iHfleT no/iodb OTBepcma c 
.C03A3Hi/ieM Tpe6yeMoro paAwa/ibHoro H3T«ra. 45 
noc/ie 3Toro nyaHCOH 8 yAa/inioT u k Topny 
CTep>KHfl noABOA^T pacK/ienwBaiomuM nyaH- 
coh 10 c rr/iocKoft pa6oHew noBepxHOCTbio, c 

nOMOlAbK) KOTOporO npOM3BOA«T OKOHMaTe/lb- 

Hoe 4)opMoo6pa30BaHue 3aMbiKa»omeft ro/io- 50 
b'km 3aK/ieriKi/i 11 nyTeM ocaAKw 
BWCTynaiomero W3 naKeia kohu3 depxHfl aa- 
K/ienKM. 

TnyBnHy BHeApeHM» BiaiaAWuia b Heoc- 
/ia6/ie.HHyio OTBepcmeM 4 nacfb CTep>KHfl 3a- 55 

K/IGflKH B 30H6 M6H6e JK6CTKOM (a/lIOMVIHMeBOM) 

Aeia/in onpeAe/^^oT M3 cooTHOiueHUfl, no/i- 
yneHHoro b pe3y/ibTaTe ncc/ieAOBaHnCi MeTOAa 
i/i pacMCTOB, B KanecTBe mcxoahoi?i npeAno- 



11 4 

cw/ikw r>pwH«TO ycjiOBiie paaeHCTBa Aayx o6b- 
eMOB: o6teMa, Heo6xoAMMoro a/i« 3ano/iHe- 
hma 3a3opa iwie>KAy CTepatHeM 3aK/ienKM n 
OTaepcTneM b a/itOMUHueBOft fxejanu c C03Aa- 
HneM paaua/ibHoro HaT»ra Be/iMHWHoCi ^ 4%, 
m o6teMa Maiepna/ia, BbtTecHeHHoro BK/iaAw- 
ujeM npw BHeApeHnn b a/nOMiiHweByfO AeTayib, 
xoTOpwft TaKxe oSecnennBaeT paAna/ibHw^i 
HaTJir. 

Vai = Vb™, (1) 
rA6 Vai - o6teM Ha 3ano/iHeHwe 3d3opa v\ 
o6ecne4eHne HdTnra b 30He MeHee >KecTKoii 
(a/iK)MMHneBo«) jxeram: 

Veioi - o6beM BurecHeHHoro MaTepnana 
npw BHeAPeHnn BK/iaAbttua b MeHee >KecTKy»o 
(a/iiOMvi HweByio) Aeia/ib, o6ecneMHBaK>iAnfi 

H3Tfl r 

. VAl = Vpa3 A -V C T, (2) 

rAe Vp 3 3A " o6teM noc/ie pa3Aann CTep>KHA 
33KAenKM b 30He MeHee >KedK0Pt (a/itOMMHue- 
bom) AeVanw; 

Vct - p6beM CTep>KHfl 3aK/ienKM 

Vai- 

^LI^a hA| -i£^ hAI = 

-^^./(d^-diX (3) 

30 

rAe d3 - AwaMeTp CTepjKHA 3aK/ienKn; 

d P a3A~ A^aMeTp CTep>KHfl 3aK/ienKM noc/ie 
pa3AaMM; 

Hai - TO/iu(MHa MeHee xcctkom AeTann; 

2 

v 8Kn « — — - h , (4) 

rAe h - r/iy6nHa BHeAPeHkin BK/iaAbJiua b Me- 
Hee >KecTKyio a/iK)MWHMeByio AeTa/ib. 

Ploc/ie npuBeAOHMfl Bbtpa>KeHH» (2) c yne- 
tom Bbipa>KeHHM (3) m (4) no/iysviM 

^AL/(dU-<j5) = 
■ -h. (5) 

h- ^P"* " dS -h A l (6) 

d BKfl 

YMHTbisafl, hto ycn/ine paaAasn. Ae^CTBy- 
lomee Ha CTep>KeHb 3aK^enKn b 3one MeHee 
>KecTKOM AeTa/iM onpeAe/iHeTc» M3 4>opMy/ibi 

PpaaA = P'^'dpasA'^AlfTp. (7) 
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rj\e P - yAe/ibHoe AaB/ieHne Ma KomaKTHOtf 
noBepxHOcru coeAMHeHMa; 

d P a3A flwaMeip cTep>KHfl 3aK/ienKM b 30- 
He fleTa/in c MeHbiueii xecTKocTbK) (a/iioMiaHw- 
6bom); 

hAi - TO/iu4MHa MeHee xcecxKovi (a/iK)MWHvi- 

eBOM) AeTa/!M - A™Ha KOHTaKTHOfl noBepxHO- 

ctw; 

fTp - K03<|><{)MHlieHT TpeHMfl, 

OTCK>Aa 



rfle d 0 - A^aMeip OTBepcTwa b naKeTe; 

A - Be/iMMMHa HaTflra b 30He MeHee xec- 
tkom (a/uoMMHweBOw) Aerann; 

d 3 - A^aMeTp 3aic,nenKM. 



4,16 2 -4 2 



3 = 0,975 ~ 1 mm 



10 



hAi : 



P -7t • d 



P83A 



P33A 



(8) 



15 



lloACTaB^flfl BbipaweHi/ie (8) b Bbipa^enne (6), 
no/iywMM 



( d 2 pa3 A - d3 ) ; P 



d£ K ji 



pa3A 



P ^ ■ d 



P33A 



(9) 



TP 



fl p m m e p. B naKeTe AeTa/iefi, oflHa 1/13 

KOTOpblX (TO/lUAMHOtl 2 MM) M3 a/lK)Mt1HWe,BOrO 

cn/iasa £16, a Apyras (to/ilmi/ihoCi 2 mm) M3 
KOMno3MunoHHoro MaTepna/ia - yr/ien/iac™- 
Ka (KMY-1), Bbino/iHfleTcn OTBepcme, B neM 
pa3MeiqaeTCfl 3aK/ienKa 113 a/iJOMMHweBoro 
cn/iaBa B65 AwaMeTpoM 4 mm c Bbino/iHeHHbiM 
b Heft r/iyxnM oceBbiM OTBepcTneM A^aMeTpoM 
2 mm. B myxoe oTBepcTue 3aK/ienKM ycTaHaB- 
/wBaeTCfl CTa/ibHofi BK/iaAww AnaMeTpoM 2 
mm, naKeT OKWMaeTca m ocymecTB/iaeTCH 
npeABapme/ibHafl Ae<J>opMauwn CTep>KH$? 3a- 
K/ie nKti cnenna/ibHbiM nyaHCOHOM nyTeM 
BHeApeHMA BK/iaAbiiua b Heoc/ia6/ieHHyio ot- 
BepCTneM nacTb CTepwH* 3aK/ienKM. l"!oc/ie 
3Toro pacK/ienbi BatOLUMM nyaHCOHOM npon3- 
boahtch OKOHwaTe^bHoe <J>opMoo6pa30BaHne 
3aMbiKaK>mefi to/iobkh 3aK/ienKH. 

B pT/iMHue ot H3secTHoro b npeA/iarae- 
mom cnoco6e K/ienKw b 3one KaxAOti Aeia/in 
naKeia co3AaeTca rapaHTHpoBanHuw paAn- 
a/ibHufi HaTflr; 1% - b 30He Aeia/in W3 yr/ie- 
n/iacTMKa n 3-4% - b 30He a/uoMMHueBow 
AeTa/iw. ripn 3tom BHeApeHne BK/iaAwuia b 
Heoc/ia6/ieHHyio nacTb CTep>KH« 3aK7ienKn 
npoBOAMTCfl Har/iy6nHy 1 mm m onpeAe/ineTca 

C/ieAYK)LMMM 06pa30M 
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DpeA/iaraeMbifl cnoco6 coeAMHeHna AeTa- 
/iew M3 pa3HopoAHWx MaTepwaflOB K/ienKofl 60- 
nee a^eKTMBeH no cpaBHeHi/iro c m3B6cthwm, 
nocKO/ibKy no3BO/»fleT noBWCMTb KaMecTBO 3a- 
K/ienoHHoro coeAHHeHwa 3a CMeTo6ecneMeHita 
rapaHTupOBaHHoro H3T«ra b coeAWHeHMii b pe- 
3y/ibTaie pa3Aann CTepwHa 3aK/ienKn b 30He 
KawAOfi A6T371M naKeTa Ha onpeAeneHHyio Be- 

/lMHMHy. 

cPopMy/ia M3o6peTeHMn 
Cnoco6 K/ienKn, 3aK/iiOHatomMHCH b o6pa- 
30B3HMH oraepcTHfl b naKeie ASTa/iew, pa3Me- 

lUeHMM B HCM 3aK^enKM C 3aK/iaAH0M rO/IOBKOM 

m r/iyxiiM oceBbiM OTsepcTweM, Bbino/iHeHHbiM 
co ctopohw Topua depxHfl 3aK/ienKM, ycia- 
HOBKe b no/iocm r/iyxoro OTBepcTnw BK/iaAW- 
iua m noc/ieAy»OLAero o6pa30saHvi5! 
3aMb:Ka»oii4ei?: to/iobkm nyTeM npu/ioweHna 
ocesoro ycw/infl k BwcTynaioineMy KOHuy cTep- 
>KH5i 3aK/ienKM, OT/iimaJomwfiCfl reM, hto. 
c ue/ibio noBbitueHna KanecTBa npn ocyiuecTa- 
zieHMM K/ienKM AeTa/teii 1*3 pa3HopoAHbix MaTe- 
pwa^OB pa3/iMMHQti TsepAOCTw nyTeM 
o6ecneMeHw« Tpe6yeMoro rapaHTuposaHHoro 
paA^anbHoro HaT«ra no To/ituuHe KawAOfi W3 
AeTa/iew naKeTa, 3aK/raAHyto ro/ioBKy pa3Me- 
iqaroT co CTopoHw Aeia/iw nai<eTa MeHbiuew 
TBepAOCTt^, r/iyxoe OTBepcTue b CTep>KHe bw- 
no/iHHKOT r/iy6MHOM, o6ecneMHBaK>mefi A^nny 
cn/ioujHOiiMacTM cTep>KHfl 3aK/ienKM, He MeHb- 
iue To/itAMHbi AeTa/iM naKeTa MeHViuert TBepAo- 
ctm, nepeA o6pa30BaHneM 3aMbiKaioiMeM 
ro/ioBKn ocyiuecTB/iaK)T Aecj>opMnpoBaHMe v 
cn/ioiuHoi?i MacTM CTep>KH« 3aK/»enKM nyreM 
BHeApeHna BK/iaAbiiua b MaTepwa/i cTepwH* 
3aK/ienKM Ha r/iy6nHy h, onpeAe/ineMyio ws 

COOTHOUJeHM« 



( d 2 pa3A 



- d3 ) ; P 



pa3A 



P '7T • d 



P 33A 



Trp 



h = d 2 pa3 A ~ d§ 



hAi, 



^ A - dp. _ 4 ; 4 , . 
d P a3A. - -^ooy + do - -^y +4 = 

= 0,04 + 4 = 4,16 mm, 



55 



rAe dpaaA - A^aMeTp CTep>KH« 3aK/ienKn noc/ie 
BHeApeHun BK/iaAbiiua: 

d 3 - AwaMeTp cTepwHH 3aK/ienKn; 

d B KA - AnaMeTp BK/iaAwwa: 

PpaaA ycn/ine pa3Aann CTepwHH 3aK/ien- 
km npn BHeApeHun BK/iaAbiwa: 
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hobLh^™ flaeneHne Ha kohtskthom np M 3T om BKiia fl b.ui Bwonntm m Marep^a 
7 " ' c TaepAocTbK). npeBumaromeci TBep fl ocTb na- 

fTp-Koa^qneHTTpeH^. xepna/ia cxep^Hq aa^enKM. 



pacK/i 





CocTaBme/ib A. Bypoe 
Pe A aKTop M. TopHaa Texpe fl M.MopreHTa/i K oppeKTop T. Maaeu 

3a.ca3 4257 twpax ' rk> fl ni-icHoe 

BHMI/iriM rocyflapcTBeHHoro KOMHrera no M 3o6peTeHMfl M h otkpwthum npn TKHT CCCP 
113035, MocKBa, X-35, PaymcKan Ha6., 4/5 



nponsBOflCTBeHHO-MSflare/ibCKHft KOM6MH3T "nareHT", r,y*ropo fl . yn.rarap.iHa. 101 
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